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胶质瘤为原发于脑部的恶性肿瘤，占了脑部肿瘤的 80％，目前仍是最致命
的癌症形式[1]。胶质瘤之所以难于治疗主要是因为多数的脑胶质瘤都呈浸润性生
长，在手术中很难将其正常脑组织区分开来,而且多数的脑胶质瘤都处于脑部的
重要结构，外科手术无法做到彻底切除，极易复发，传统治疗采用手术切除大瘤
体，术后采用放化疗等手段杀灭残存瘤细胞，但治疗效果及预后均欠佳。基因治
疗作为一种新的治疗手段而受到人们越来越多的关注，其在胶质瘤的治疗中也有
着广泛的前景，但血脑屏障的存在限制了大部分基因载体及 98％可用于胶质瘤
治疗的药物进入脑到达胶质瘤部位[2]，只有摩尔质量低于 150g/mol 的亲水化合
物和摩尔质量低于 400g/mol 的疏水化合物能由被动扩散进入大脑[3]，加上网状
内皮系统（RES）和溶酶体对药物的吞噬降解及 P-gp 蛋白对药物的外排作用，使
得治疗基因和药物很难到达肿瘤部位，严重影响治疗效果。且多数基因载体和化
疗药物具有很大的毒副反应，缺乏肿瘤靶向性，这使得人们急需一种载体来运载
基因或药物到达肿瘤部位。
目的观察经 Tat 多肽，适配体 TTA1，聚乙二醇（PEG）联合修饰的新型纳米载体
明胶-硅氧烷纳米粒子（GS NPs）跨域血脑屏障及靶向到达胶质瘤的能力。方法
通过两步溶胶-凝胶法合成 GS NPs，然后在其表面依次修饰上聚乙二醇（PEG）、
TTA1 适配体、Tat 多肽,并以荧光染料 Cy5.5-NHS 标记。通过颅内种植的方法建
立胶质瘤裸鼠原位模型。尾静脉注射各步修饰的纳米粒子，观察其体内分布，将
裸鼠处死后取脑、肝、脾，观察纳米粒子在各器官的分布。结果活体成像及统计
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分析结果显示 TTA1-TAT-PEG-GS-NPS 在脑部的荧光强于 TAT-PEG-GS-NPS、
PEG-GS-NPS、GS-NPS 组，且在肿瘤部位的荧光强于脑内其他部位，而在肝脏脾
脏的荧光弱于其他 3组。结论 TTA1-TAT-PEG-GS-NPS 能够逃逸内皮网状吞噬系统
的吞噬，还能跨过血脑屏障，而且对胶质瘤具有靶向性，是一种潜在的胶质瘤治
疗基因及药物的靶向载体。
[关键词]胶质瘤; 血脑屏障; 靶向给药系统
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Abstract
Glioma is the most common intracranial malignant tumor, however,
contemporary treatment of which still has been hampered by limited gene
or drug delivery across blood-brain barrier (BBB), and then effecting the
tumor treatment. Herein, gelatin–siloxane nanoparticles (GS NPs), which
has been considered to be a good gene carrier candidate, were synthesized
through a two-step sol–gel process. In order to increase the efficiency
of glioma targeting, HIV-derived Tat, aptamer TTA1 and PEG were further
grafted onto GS NPs (Tat–TTA1-PEG–GS NPs). The vivo imaging results
indicated that Tat–TTA1-PEG–GS NPs could not only escape the capture
by reticulo-endothelial system but also cross BBB and reach the glioma.
Hence, Tat–TTA1–PEG–GS NPs might represent a new type of non-viral
vector for the delivery of therapeutic DNA or drug to realize highly
efficient glioma targeting.
Objective To observe the property of Tat Peptide-Aptamer-polyephylene
Glycol Modified Gelatin-siloxane Nanoparticles Across the Blood-brain
barrier and Glioma targeting. MethodsGS NPs were prepared by two-step
sol-gel method, and then labbled by Cy5.5-NHS. After that, PEGylation,
aptamer TTA1 and Tat peptide were conjugate onto GS NPs respectively.
Establish orthotopic implantation model of glioma and detect the glioma
by the enhanced MRI every week. Inject GS, PEG-GS, TTA1-PEG-GS and
Tat-TTA1-PEG-GS into animal modle and check their distribution via vivo
imaging system. To compare their distribution in major organ, the brain,
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liver and spleen were removed and visualized by using vivo imaging system.
Results Compare to other groups, Tat-TTA1-PEG-GS NPs injected mice had
much fluorescent photons in brain, but less in liver and spleen.
Conclusion Tat-TTA1-PEG-GS NPs could not only escape the capture of RES
but also penetrate the blood-brain-barrier and target to glioma.
[Keywords] Glioma; Blood-Brain barrier; target drug delivery system
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